Abstract. Mate availability has been shown to influence intrasexual competition and mateguarding behavior across a variety of species. Nevertheless, little is known about how perceived mate scarcity affects such behavior in humans. The purpose of this study was to examine the effects of experimentally induced perceptions of mate availability upon intrasexual competition, jealousy and aggressive mate guarding behavior. Heterosexual undergraduate students (N = 124, 60 women, 64 men) were primed with perceptions of either mate scarcity or mate abundance and subsequently completed measures of intrasexually competitive attitude, jealousy and willingness to aggress against a mate-poacher (either directly or indirectly). For both men and women, results showed that individuals who were exposed to the mate scarcity condition reported significantly more intrasexual competition, jealousy and willingness to aggress indirectly against a matepoacher compared to those exposed to the mate abundance condition. Results provide evidence of an attitudinal and behavioral shift toward sexual conflict when individuals perceive mates to be a scarce resource.
INTRODUCTION
It is well understood that reproductive success can be maximized by defeating intrasexual rivals for contested mating opportunities (DARWIN 1859 (DARWIN , 1871 GOULD 1974 ). Yet intrasexual competition is simultaneously risky, with the potential for status and resource loss, social exclusion, injury, or death (BENENSON 2011; DALY and WILSON 1989; FERNANDEZ-DUQUE and HUCK 2013) . For these reasons, the frequency and ferocity of intrasexual competition is not indiscriminate (MAYNARD SMITH 1974) . Rather, its occurrence varies according to contextual influences such as the relative scarcity of mates in the local environment, as evidenced by the population's operational sex ratio (OSR) -or the proportion of fertilizable females to sexually active males (EMLEN and ORING 1977) .
When the sex ratio is skewed, members of the scarcer sex have better mating prospects (FISHER 1930) and can therefore express greater choosiness in their mate selection (BERGLUND 1994; EMLEN and ORING 1977) . For members of the abundant sex, mating opportunities are more limited given the greater proportion of same-sex competitors to potential mates (EMLEN and ORING 1977) . A skewed sex ratio will typically lead to more intrasexual competition for mate acquisition and more mate-guarding behavior among members of the abundant sex. For example, COLWELL and ORING (1988) examined the effects of mate scarcity on intrasexual competition in the Wilson's phalarope, a sex-role reversed shorebird. During times in which males were scarce, for example due to clutch failures or asynchronous spring arrivals, the researchers observed that females pursued mates with greater intensity and guarded them more vigorously compared to times when males were abundant.
Hitherto, the influence of mate scarcity on intrasexual competition for mates and mate-guarding has been demonstrated in both experimental and naturalistic observations of many vertebrate species including various amphibians (LEE and PARK 2009; TEJEDO 1988) , fishes (ARONSEN et al. 2013; WACKER et al. 2013) , birds (COLWELL and ORING 1988) , rodents (ZHANG and ZHANG 2003) , and non-human primates (MITANI, GROS-LOUIS and RICHARDS 1996) . A recent meta-analysis confirmed that mate scarcity relates to significant changes in intrasexual competition such as more frequent courtship displays, as well as increased aggression and mateguarding (WEIR, GRANT and HUTCHINGS 2011) . Although recent research has begun to explore the influence of mate availability upon human behavior (in particular, mate selection and preferences), there remains a paucity of research on how mate availability might also influence intrasexual competition and mate-guarding behavior. To address this gap in knowledge, we experimentally manipulated individuals' perceptions of mate availability and assessed subsequent intrasexually competitive attitudes and mate-guarding intentions using attitudinal and scenariobased self-report measures.
Mate availability, sexual selectivity and competition in humans
Recent cross-sectional research has found sexual selectivity to be correlated with human sex ratios (e.g., STONE, SHACKELFORD and BUSS 2007) , such that members of the scarcer sex express greater choosiness regarding the characteristics they desire in a mate. It has been established that mate preferences can fluctuate dynamically based upon contextual cues (e.g., LI et al. 2002 ) including one's own value as a mate (BUSS 2008) . KRUGER, FITZGERALD and PETERSON (2010) found that female scarcity (relative to the number of men in large metropolitan areas in the United States) was associated with reduced marital age among women and greater variability in marital age among men. The authors suggested that when women are scarce, they have more "bargaining power" and are able to obtain commitment at earlier ages, with some men inevitably being excluded from mating opportunities altogether. In line with this argument, scarcity of women has previously been associated with increased marital stability (PEDERSEN 1991) , and with women's increased interest in cues to men's commitment (BUSS 2003) and socio-economic status (POLLET and NETTLE 2008) . Conversely, when men are scarce in a population, the proportion of men who marry young is reduced given men's increased short-term mating success and decreased incentive for commitment (KRUGER and SCHLEMMER 2009 ). In such circumstances women have been observed to have stronger career aspirations (perhaps in lieu of obtaining a long-term, investing mate; DURANTE et al. 2012) , to wear more revealing clothing (BARBER 1999) and to engage in more casual sex (SOUTH and TRENT 1988; SCHMITT 2005; STONE, SHACKELFORD and BUSS 2007) , presumably as a function of intrasexual competition. Interestingly, men's aggression and violent crime may simultaneously increase in order to procure these short-term mating opportunities (BARBER 2009) .
The relationship between mate scarcity and increased selectivity has been the topic of recent experimental research as well. WATKINS and colleagues (2012) primed women with perceived sex-ratio differences using photographs. In one condition, heterosexual women viewed images depicting abundant opposite-sex individuals compared to same-sex individuals. In the second condition, participants viewed images depicting abundant same-sex individuals compared to opposite-sex individuals. Following exposure to one of these two conditions, participants rated their preference for male facial symmetry, which is considered to be a visible cue to genetic quality and health (GANGESTAD and SIMPSON 2000; JONES et al. 2001; THORNHILL and GANGESTAD 2006) . Results showed that females expressed greater selectivity, as evidenced by an increased preference for facial symmetry, when men were perceived as being abundant versus scarce. Similar experimental results have been shown regarding men's mate preferences and behavior. For instance, TAYLOR (2013) found that men who endorsed traditional gender roles were more selective and assessed their own attractiveness as being higher when primed with mate abundance versus scarcity. Sexual selectivity by one sex invariably breeds intrasexual competition among members of the opposite sex who will vary in their reproductive success (BATEMAN 1948) . GRISKEVICIUS et al. (2011) found that under conditions of male abundance and female scarcity, men were expected to spend more money during the courtship process. Not surprisingly, then, the researchers also found that men were willing to decrease their monetary saving and increase borrowing for immediate expenditures, suggesting that men aim to enhance the epigamic display of wealth/resources when mates are harder to come by.
In many sexually reproducing species, including humans, the effects of mate availability extend beyond mere epigamic display toward 1) direct intrasexual competition between rivals, and 2) mate-guarding behaviors after a pair-bond has been established. In the present study, we examine whether these additional indices of sexual conflict are also influenced by mate availability in humans.
Human intrasexual competition
Similar to most sexually reproducing species, females' requisite parental investment necessitates their sexual selectivity, prompting males to compete for mating access (CAMPBELL 1995; DALY and WILSON 1988; GEARY 2000; TRIVERS 1972) . Unlike most mammalian species, however, men also invest considerable time, effort and resources toward the survival and fitness of offspring (BUUNK and FISHER 2009; GEARY 2000) . Monogamy and paternal investment increase sexual selectivity among men (CAMPBELL 2004; FERNANDEZ-DUQUE and HUCK 2013) . In turn, women have also been shown to compete intrasexually in order to attain and guard desirable mates (e.g., ARNOCKY, SUNDERANI and VAILLANCOURT 2013; ARNOCKY et al. 2012; ARNOCKY and VAILLANCOURT 2012; BUSS and SHACKELFORD 1997; CAMPBELL 1995; CLUTTON-BROCK 2007; SUNDERANI, ARNOCKY and VAILLAN-COURT 2013; VAILLANCOURT 2005) . Recent evidence suggests that individuals vary in the competitive attitudes they hold toward members of the same sex (BUUNK and FISHER 2009) . Moreover, both men and women have been shown to actively compete for the retention of a desirable mate through the use of aggressive behavior. For some men, physical aggression is used to guard sexual partners even at the risk of physical injury or death (WILSON and DALY 1985) . For instance, men living in a Caribbean village have been shown to aggressively confront others more frequently when their partner was fecund (FLINN 1988) . Men in existing pair-bonds have also been shown to experience jealousy and engage in physical aggression in response to sexual interlopers. Jealousy is considered by evolutionary psychologists to be an adaptive emotional response to a reproductive threat which might serve to motivate compensatory behavioral responses including acts of aggression (e.g., MANER et al. 2005) . At the extreme end, some men will kill other men who have been discovered to have had sex with their wife or girlfriend (DALY and WILSON 1988) .
More often for both men and women, mate-guarding takes the form of less physically damaging, indirect modes of aggression such as competitor derogation, social exclusion, or rumor spreading (ARNOCKY and VAILLANCOURT 2012; BJÖRKQVIST 1994; BUSS and DEDDEN 1990; BUSS and SHACKELFORD 1997; CAMPBELL 1999; VAILLANCOURT 2005) . Given the need to remain alive in order to rear offspring (BJÖRKQVIST 1994; CAMPBELL 1999 CAMPBELL , 2004 , the use of surreptitious, less physically damaging modalities may be particularly effective among women. Indirect aggression may be a useful strategy in competing for and retaining mates (ARNOCKY et al. 2012; ARNOCKY and VAILLANCOURT 2012; VAILLANCOURT 2005) . For INSTANCE, women's derogation of other women can reduce male perceptions of the targeted woman's level of attractiveness (FISHER and COX 2009) . For both males and females, the use of indirect aggression predicts having a romantic partner one year later (ARNOCKY and VAILLANCOURT 2012) . Women in heterosexual romantic relationships have also been shown to experience increased jealousy and indirect aggression when they perceive their same-sex conspecifics as being more physically attractive than themselves (ARNOCKY et al. 2012) . Taken together, it is evident that human mating competition is a multifaceted construct comprised of, but not limited to, intrasexually competitive attitudes (e.g., competitiveness toward same-sex conspecifics), emotions (e.g., jealousy) and mate-guarding behaviors (e.g., direct and indirect aggression toward a mate-poacher) experienced and expressed by both men and women (e.g., ARNOCKY et al. 2012; COX and FISHER 2008) . Each of these outcomes is therefore expected to vary according to differential perceptions of mate availability.
The present study
Across many vertebrate species, skewed OSR has been shown to increase sexual competition among members of the abundant sex (WEIR, GRANT and HUTCHINGS 2011) . To date, this phenomenon has not been examined experimentally with respect to many aspects of human intrasexual competition, such as attitudinal, emotional and aggressive tendencies. In the present study, participants were primed with either perceived mate scarcity or mate abundance using fictitious magazine articles. We hypothesized that participants in the mate scarcity condition would self-report significantly greater desire to compete with same-sex conspecifics (BUUNK and FISHER 2009 ). Moreover, we expected that upon exposure to hypothetical sexual rival, participants in the mate scarcity (versus mate abundance) condition would express more jealousy and would be more willingness to aggress against the intrasexual rival. Based upon the reviewed literature on human intrasexual competition, we did not expect sex differences in priming condition's effects on intrasexually competitive attitude, jealousy or indirect aggression. However, we did expect to find a sex difference in the perpetration of physical aggression, which men are known to engage in more frequently (ARCHER 2004; ARCHER and CÔTÉ 2005) .
METHOD Participants
One hundred and twenty-four heterosexual students (64 males and 60 females) from a small Canadian University were recruited from common areas on campus (M male = 22.13 years, SD = 5.36; M female = 22.38 years, SD = 4.79 respectively). Of these individuals, 58% of men and 42% of women were currently in a romantic relationship. Both male and female samples were comprised of primarily Caucasian participants (male = 95.3%; female = 93.3%). Remuneration consisted of a chance to win a $50 draw.
Materials and procedure

Priming mate scarcity versus mate abundance
Using a set of fictitious magazine articles developed by SPIELMANN, MACDONALD, and WILSON (2009), participants were primed with the belief that potential mates were either abundant or scarce. In this task, participants were asked to read one of two articles. In the mate abundant condition, the article explained the task of finding a new romantic partner as being relatively easy, with the mating population consisting of many available mates. Conversely, in the mate scarcity condition, the article highlighted the difficulty of finding a new romantic partner, with desirable mates being a scarce resource. Previous research has shown this manipulation to be effective in inducing differential levels of optimism/pessimism in the ability to procure a mate (SPIELMANN et al. 2009 ).
Intrasexually competitive attitude
Participants next completed the Intrasexual Competition Scale (ICS) which assessed the degree to which an individual is motivated to compete with members of the same sex (BUUNK and FISHER 2009) . Previous research has found the ICS to be a valid and reliable tool for measuring attitude toward intrasexual competition (BUUNK and FISHER 2009) . The scale consisted of 12 items rated on a seven-point Likert-type scale ranging from 1 = "not at all applicable" to 7 = "completely applicable." Example items include: "I would not hire a competent man/woman as a colleague," "I can't stand it when I meet another woman who is more attractive than I am," "When I'm at a party, I enjoy it when men/women pay more attention to me than other men/women," "I wouldn't hire a very ambitious man/woman as a colleague" and "I always want to beat other men/women." In the present study, the measure showed good internal consistency in both males (α = .85) and females (α = .87).
Jealousy toward a mate-poacher
Jealousy and emotional reactivity toward a sexual competitor was examined using a paradigm developed by DIJKSTRA and BUUNK (1998) in which participants were presented with the following scenario:
"You are at a party with your girlfriend and you are talking with some of your friends. You notice your girlfriend across the room talking to a man you do not know. You can see from his face that he is very interested in your girlfriend. He is listening closely to what she is saying and you notice that he casually touches her hand. You notice that he is flirting with her. After a minute, your girlfriend also begins to act flirtatiously. You can tell from the way she is look-ing at him that she likes him a great deal. They seem completely absorbed in each other." 1 Immediately following this narrative, participants were presented with a color photo of the attractive intrasexual rival, along with a narrative describing the competitor's desirable personality and social qualities. In order to develop this stimuli, we asked a separate sample of 20 males and 20 females to rate the attractiveness of photographs of opposite-sex models' faces using a scale anchored at 1 = "not at all attractive" and 5 = "very attractive." Photos were obtained from a royalty-free online database. The top-rated male and female faces were then selected for use as our attractive intrasexual rival stimuli for the present study (M male face = 3.71, SD = .96, M female face = 3.81, SD = 1.93).
Following the methodology of DIJKSTRA and BUUNK (1998), participants read a description of personality traits the rival possessed that have been shown to appeal to the opposite sex (DJIKSTRA and BUUNK 1998 , POLLET and NETTLE 2008 . Male and female participants read a description of their sexual competitor as being high in status, highly involved in social activities, influential, and as a good judge of character (DJIKSTRA and BUUNK 1998) . These factors have been associated with cues individual's look for in high-quality mates and have been associated with high mate-value characteristics (DJIKSTRA and BUUNK 1998, 2002; POLLET and NETTLE 2008) .
After exposure to this scenario, participants responded to a multiple adjective measure of jealousy (see DJIKSTRA and BUUNK 1998 for review), which includes items asking how suspicious, distrustful, jealous, rejected, hurt, anxious, threatened, sad and upset they felt using a 5-point Likert-type scale anchored at 1 = "not at all" to 5 = "very strong" (DIJKSTRA and BUUNK 1998) . Multiple adjective measures of jealousy are meant to curtail an under-reporting of jealousy existent among other measures (DJIKSTRA and BUUNK 1998) . In the present study, the measure was internally consistent for both males and females (α = .91 and α = .90 respectively).
Direct and indirect aggression toward a mate-poacher
Participants were then asked how they would react to this person at the party. There were four questions pertaining to direct aggression including: "I would hit him/her for flirting with my partner," "I would challenge him/her to a fight," "I would shove him/her," and "I would threaten him/her to stay away from my girlfriend/ boyfriend." Questions pertaining to methods of indirect aggression included: "I would tell my friends what an asshole/bitch he/she is," "I would make a joke to my friends about how ugly he/she is," "I would have my friend (the host of the party) ask him/her to leave" and "I would call him/her a derogatory name to his/her face." Participants responded using a five point Likert-type scale ranging from 1 = "not at all" to 5 = "very strong." In the present study, the internal consistency for this measure for males and females were α = .89 and α = .86 respectively. Principle component analysis using a varimax rotation showed that the four direct aggression items loaded on a unique dimension with factor loadings ranging between .37 and .87 and contributed 43% toward explained variance. The direct aggression subscale was internally consistent among men and women, α = .89 and α = .78 respectively. The four indirect aggression items loaded on a separate factor with loadings ranging between .68 and .91 and contributed 30% toward explained variance. The indirect aggression subscale was internally consistent among men and women, α = .86 and α = .87 respectively.
Analyses
A two-way between-subjects multivariate analysis of variance (MANOVA) was conducted to determine the effects of the mate availability priming conditions (scarcity versus abundance) upon four dependent variables (intrasexual competitive attitude, jealousy toward a rival, willingness to aggress indirectly and to aggress physically against an intrasexual rival). A statistically insignificant Box's M test indicated homogeneity of the covariance matrices across conditions (p = .11). Additionally, Bartlett's test of sphericity indicated sufficient correlation between the dependent variables (χ 2 = 81.36, p < .001). The Bonferroni-corrected p-value of .012 was used to measure the significance of univariate relationships. Bivariate correlations are presented in Table 1 and descriptive statistics are presented in Table 2 . Note: * p < .05 (two-tailed). ** p < .01 (two-tailed). 
RESULTS
Multivariate main effects
A two-way between-subjects multivariate analysis of variance (MANOVA) was conducted on four dependent variables: intrasexual competitive attitude, jealousy, indirect aggression toward a sexual competitor and direct aggression toward a sexual competitor. Independent variables were the mate availability priming condition, gender and dating status. Results revealed a statistically significant multivariate main effect for condition (scarcity versus abundance), Wilks' λ = .79, F(3, 114) = 10.01, p < .001, η p 2 = .21, indicating that 21% variance of the dependent variables was associated with the experimental condition. Results also showed a statistically significant main effect for gender, Wilks' λ = .80, F(3, 114) = 9.60, p < .001, η p 2 = .20, indicating that 20% variance of the dependent variables was associated with participant gender. No main effects were observed for dating status, or for any of the two-way or three-way interactions.
Intrasexually competitive attitude
Given the significance of the overall test, the between-subject effects were examined. First, the effect of condition (mate scarcity versus abundance) on intrasexually competitive attitude was examined. Results indicated that jealous reaction toward a rival was significantly affected by the priming condition F(1,116) = 6.71, p < .01, η p 2 = .07. Specifically, individuals in the mate scarcity condition were significantly more intrasexually competitive (M = 3.50, SD = 0.84) than individuals in the mate abundance condition (M = 2.90, SD = 1.13). There were no statistically significant effects for gender, dating status, or any two-way or three-way interactions.
Intrasexual competition
Abundant condition
Scarcity condition Figure 1 . Mean scores for intrasexual competition in the mate abundant and mate scarcity conditions for males and females
Jealousy over rival interaction with mate
Given the significance of the overall test, the between-subject effects were examined. First, the effect of condition (mate scarcity versus abundance) on jealousy toward an attractive rival who is attempting to mate with one's romantic partner was examined. Results indicated that jealous reaction toward a rival was significantly affected by the priming condition F(1,116) = 17.44, p < .001, η p 2 = .13. Specifically, individuals in the mate scarcity condition were significantly more jealous (M = 3.40, SD = 0.13) than individuals in the mate abundance condition (M = 2.65, SD = .12). There were no statistically significant effects for gender, dating status, or any two-way or three-way interactions.
Abundant condition Scarcity condition
Figure 2. Mean scores for jealousy in the mate abundance and mate scarcity conditions for males and females
Willingness to aggress indirectly against a rival
Second, we examined potential differences in participants' willingness to aggress indirectly against an attractive sexual rival. Results showed that the use of indirect aggression toward an intrasexual competitor was significantly affected by the priming condition, F(1,116) = 28.75, p < .01, η p 2 = .20, indicating that 20% of explained variance in indirectly aggressive tendency was attributable to the priming condition. Specifically, individuals exposed to the mate scarcity condition were significantly more likely to be willing to use indirect aggression (M = 2.37, SD = 0.12) compared to those in the mate abundance condition (M = 1.49, SD = 0.11). Again, neither gender nor any of the interactions produced further statistically significant effects.
Indirect aggression
Abundant condition
Scarcity condition Figure 3 . Mean scores for indirect aggression in the mate abundance and mate scarcity conditions for males and females
Willingness to aggress physically against a rival
Third, we explored potential differences in participants' willingness to aggress physically against an attractive sexual rival. Results found that individuals exposed to the mate scarcity condition were more likely to use physical aggression (M = 1.63, SD = 0.10) compared to those in the mate abundance condition (M = 1.27, SD = 0.09). However, after applying our Bonferroni-corrected p-value, this finding did
Physical aggression
Abundant condition Scarcity condition Figure 4 . Mean scores for physical aggression in the mate abundance and mate scarcity conditions for males and females. Note that given the Bonferroni-corrected p-value employed in the current study, the threshold of p<.05 for males is interpreted as being non-significant not reach the threshold for statistical significance, F(1,116) = 5.82, p < .05, η p 2 = .05. The model accounted for 5% of explained variance in physically aggressive tendency. There was, however, a statistically significant difference in physical aggression based upon gender, F(1,116) = 12.56, p < .01, η p 2 = .10, which accounted for 10% of additional explained variance. Specifically, men (M = 1.72, SD = 0.09) compared to women (M = 1.10, SD = 0.09) were statistically significantly more likely to use physical aggression against a rival.
DISCUSSION
In many sexually reproducing species, mate scarcity can lead to more variability in mating access and to corresponding increases in intrasexual competition and mateguarding behavior (WEIR, GRANT and HUTCHINGS 2011) . The current study examined whether this evolutionary principle applies to human behavior. Participants were primed with the belief that mates were either scarcely or abundantly available. We hypothesized that participants in the mate scarcity condition compared to the mate abundance condition would exhibit 1) a more competitive attitude toward members of the same sex, 2) more jealousy, and 3) more willingness to aggress indirectly against a hypothetical same-sex rival who was vying for their mate.
Results of the present study supported the hypothesis that perceived mate scarcity increases intrasexual competition in humans. First, both men and women in the mate scarcity condition reported stronger intrasexually competitive attitudes compared to individuals in the mate abundance condition (Hypothesis 1). Specifically, individuals in the mate scarcity condition more strongly endorsed items such as an expressed desire to look for negative characteristics in attractive rivals, wanting to beat rivals, wanting to be perceived as funnier and more attractive than rivals, willingness to reject hiring an attractive rival, and more distress over the social standing and possessions of rivals (e.g., having a nicer house). This suggests a broad attitudinal shift toward intrasexual competitiveness among those who perceived mates to be scarce. However, intrasexual competition consists of more than a mere attitude or disposition. Given this broad attitudinal shift, we further examined group differences in both emotional and behavioral responses to a hypothetically contested romantic relationship. We were specifically interested in responses that indicated intrasexual competition toward a rival who was attempting to mate-poach.
Intrasexual competition often involves actions taken to facilitate the acquisition or retention of desired mating relationships (BUSS 1988) . Participants were exposed to a hypothetical scenario in which a high mate value intrasexual rival was flirting with the participant's mate at a party. Under conditions of perceived mate scarcity, a man or woman might perceive this rival as being more motivated to poach their partner due to relative mate scarcity. Simultaneously, they might perceive their partner as having more selective power or opportunity to upgrade to a higher quality mate; either of these thought processes could then instigate emotions and behaviors relevant to mate retention. Results showed that participants in the mate scarcity condition were significantly more jealous of the rival compared to individuals in the mate abundance condition (Hypothesis 2). Although previous research has suggested that the ultimate sources of jealousy differ between the sexes (e.g., importance of sexual versus emotional infidelities; Harris, 2003) , it is nevertheless clear that both men and women experience jealousy when threatened with a partner's infidelity (ARNOCKY et al. 2012; HARRIS 2003; HASELTON and GANGESTAD 2006) . Given that romantic jealousy may have evolved as a response to threats to a desired relationship (BUSS and HASELTON 2005) , it is not surprising that this emotion would be heightened under conditions of mate scarcity. In these circumstances, jealousy might then function as a signal of the need for compensatory mate retention behaviors (e.g., MANER et al. 2005 ) perhaps including direct and/or indirect aggression (ARNOCKY et al. 2012; BUSS 1988 BUSS , 1994 DALY WILSON and WEGHORST 1982; SYMONS 1979) .
Results indicated that mate availability also influenced participants' willingness to aggress against the rival. For men, the relationship between mate scarcity and direct aggression was statistically non-significant after applying the Bonferroni correction. Conversely, men in the mate scarcity condition were significantly more likely than men in the mate abundance condition to aggress indirectly against the rival. Although men have been known to be more physically aggressive than women, our results are consistent with literature suggesting males gradually decrease their use of physical aggression tactics through adolescence and increase indirectly aggressive strategies (BJORKQVIST, OSTERMAN and LAGERSPETZ 1994) . Results from the current study support recent data obtained from hunter-gatherer societies which suggest that intrasexual competition rarely consists of physical combat, as evidenced by the fact that "humans have a much lower degree of body mass sexual dimorphism than is predicted by our OSR" (MARLOWE and BARBESQUE 2012) .
Similar to men, we found that women in the mate scarcity condition were significantly more likely than women in the mate abundance condition to aggress indirectly against a rival. Although some females do utilize physical aggression (BUUNK and FISHER 2009) , previous research has illustrated that females rely primarily upon indirectly aggressive tactics (e.g. BJORKQVIST 1994; VAILLANCOURT et al. 2010) . Social relationships are particularly important to women (ROSE and RUDOLPH 2006) . Interfering with competitors' social ties by using indirect aggression such as gossiping and exclusionary tactics may be an effective intrasexual competition strategy, as it can detract from a rival's status, mental health and physical health and can simultaneously bolster one's own desirability to the opposite sex (ARNOCKY et al. 2012; ARNOCKY and VAILLANCOURT 2012; CAMPBELL 1998 CAMPBELL , 2005 FISHER and COX 2009; VAILLANCOURT 2005; VAILLANCOURT et al. 2010) . Given that indirect aggression seems to be a useful strategy for intrasexual competition, it is not surprising that we found participants' willingness to use aggression would increase under conditions of perceived mate scarcity.
Taken together, these findings suggest that similar to other species, humans have a tendency toward intrasexual competition under conditions of mate scarcity compared to conditions of mate abundance. These findings may also shed light on why intrasexual competition persists even in regions, communities and subcultures with nearly equitable sex ratios. The perception of mate availability need not be grounded in objective environmental pressures. Things of value are often perceived as being scarce (i.e., the value heuristic). DAI, WERTENBROCH and BRENDL (2008) exposed participants to a set of pictures consisting equally of photos of birds and of flowers. The researchers offered to pay participants for either every bird picture or every flower picture that they observed. Although an equal number of bird and flower pictures were shown, participants rated the value-linked images as being scarcer than the images which they were not being paid to observe. The authors then extended this concept to human mating by exposing participants to portraits of same-sex and opposite-sex individuals. When the portraits of opposite-sex individuals were attractive (and thus valuable), these images were rated as occurring less frequently. This effect was not observed when the opposite-sex individuals were unattractive. If humans have implicit cognitive mechanisms for perceiving things of value as being scarce, then the results of the present study suggest that the mere perception of mate scarcity will produce sexually competitive behavior regardless of the accuracy of that perception.
Limitations and future directions
This study was limited by its focus on a narrow age group of 17-to 30-year-old participants. However, we focused on this age range given that individuals are at their reproductive peak (SHACKELFORD, POUND and GOETZ 2005) and contend for mates most often within the aforementioned age range (BUSS 1998; SHACKELFORD et al. 2005) .
The current study employed an aggression scenario that was hypothetical. Attitudes toward aggression are known to correlate with self-reports of actual aggressive behavior (e.g., ANDERSON et al. 2006; WELLS, TREMBLAY and GRAHAM 2013) . Further research might utilize an in-vivo aggressive task to test participants' aggressive reactions toward rivals. For example, previous research has explored participants' willingness to assign a spectrum of aversive or appetitive tastes to another participant who had either given them positive or negative feedback on an essay (JENSEN-CAMPBELL et al. 2007 ). The anonymous assignment of aversive or appetitive tastes to real or imagined sexual competitors might provide an interesting avenue for observing actual indirectly aggressive responses to rivals across mate availability conditions. Subsequent research might also explore the effects of mate abundance versus scarcity on participants' self-perceived mate value, as well as their willingness to adopt risky mating strategies, such as mate-poaching. If an individual perceives members of the opposite sex as being scarce, self-reported mate value may decrease and a willingness to attempt a mate-poach might increase. When one believes their own sex to be a scarce resource, advantages such as adopting one's preferential mating strategies as well as being increasingly selective in mate choice would be expected (see also WATKINS et al. 2012) . Cross-sectional research has found broad correlations between OSR and mating systems, such that male abundance relates to increased monogamy and female abundance to increased casual sex (e.g., KRUGER, FITZGERALD and PETERSON 2011; KRUGER and SCHLEMMER 2009) . It would be of interest to determine whether individual differences in desired relational commitment and sociosexuality fluctuate based on experimental manipulation of perceived mate availability.
CONCLUSIONS
Mate scarcity and its effects on sexual competition have been observed within a variety of non-human animals (COLWELL and ORING 1988; JIROTKUL 1999; MITANI et al. 1996) . However, little empirical research has addressed similar contexts among humans. Real or perceived mate scarcity may be particularly important to human behavior given biases in value heuristics which assign greater worth to perceivably scarce objects, including mates. We found that individuals who were primed to believe they have a limited amount of selection in opportunities for mating were more intrasexually competitive, jealous and aggressive toward potential rivals compared to individuals primed to believe mates were abundant. This study highlights our similarity to other sexually reproducing species, in that human intrasexual conflict has likely evolved as a contextually sensitive and adaptive response to changes in the availability of mates.
Note
